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transistor is turned on, source terminals S are grounded and a 
positive voltage is applied to a drain terminal D and a gate terminal 
G. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the cross section of the vertical mold MOSFET of an example. 

[Drawing 2] n near a slot side attachment wall - It is the band Fig. of a field. 

[Drawing 3] It is drawing showing the potential distribution and the current phasor at the time of 

transistor-on. 

[Drawing 4] It is drawing showing the potential distribution and the current phasor at the time of 
breakdown. 

[Drawing 5] It is the sectional view showing the application of the vertical mold MOSFET of an 
example. 

[Drawing 6] It is drawing showing the cross section of the vertical mold MOSFET of example of 
another. 

[Drawing 7] It is drawing showing the potential distribution and the current phasor at the time of 
breakdown. 

[Drawing 8] It is drawing showing the cross section of the vertical mold MOSFET of other examples of 
another. 

[Drawing 9] It is the sectional view of the conventional vertical mold MOSFET. 

[Drawing 10] It is drawing showing the conventional current path and conventional resistance 

component of a vertical mold MOSFET. 

[Drawing 1 1] a well » spacing arid RONS It is drawing showing relation. 
[Drawing 12] It is the sectional view of the conventional vertical mold MOSFET. 
[Description of Notations] 
1 1 P Mold Well - Field 
12N+ Mold Source Field 

14 N+ Mold Drain Field 

15 N- Mold Drift Region 

16 Slot 

17 Gate Oxide as an Insulator Layer 

18 Gate Electrode 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a vertical mold insulated-gate field-effect transistor 

(vertical mold MOSFET), and relates especially to that on resistance reduction. 

[0002] 

[Description of the Prior Art] Conventionally, about the vertical mold MOSFET for power, the structure 
shown in drawing 9 was taken in many cases (for example, JP,63-254769,A). The pressure-proofing 
between the drain sources of this component is decided by the thickness and high impurity concentration 
of a drift region 1, and is set as thickness and concentration which balance, desired pressure-proofing, a 
well — if an electrical potential difference is impressed to the gate electrode 3 arranged in the upper part 
of a field 2 - a well — an n-type inversion layer is formed in the semi-conductor substrate front face in a 
field 2, and a current flows between the source and a drain. One vertical mold MOSFET with which the 
part (eel) shown by A has been repeatedly arranged in drawing 9 consists of actual vertical molds 
MOSFET. Dimension LI of A As long as it approves on a manufacture process or a component 
property, it is set up small. The number of the current paths included in per unit area can be made into 
max by carrying out like this. 

[0003] It is the on resistance per unit area (RONS and abbreviated name) as one of the important 
properties [ in / on the other hand / the vertical mold MOSFET for power ]. It is. And the voltage drop 
between the source drains when passing a current can make small power small consumed with a 
component, so that this value is small. On resistance RONS It is necessary to lower the own resistance 
of a component to lowering, or to reduce unit element child area. 

[0004] The slash section shown in drawing 10 shows the path of the current in a drift region 1 . It is 
based on the effectiveness of the junction field effect transistor (JFET and abbreviated name) which a 
parasitism target can do in the lengthwise direction of a semi-conductor substrate that a neck is formed, 
that is, the source field 4 which there was it along a current path by the resistance component of a drift 
region 1, and the potential difference arose, and was fixed to touch-down potential and a well ~ the 
potential difference between a field 2 and a drift region 1 — a well ~ the reverse bias of the junction 
between a field 2 and a drift region 1 is carried out, a depletion layer spreads and a current path is 
narrowed at the drift region 1 side where high impurity concentration is comparatively low. Resistance 
of the field where the effectiveness of this JFET acts is set to RJFET. On resistance RCELL between the 
source terminal S in one vertical mold MOSFET eel and the drain terminal D is the resistance RS of the 
source field 4, the channel resistance RCH, the resistance RDRI of a drift region 1, and the resistance 
RDRA of the drain field 5 besides RJFET. It can express. Namely, 
RCELL=RS+RCH+RJFET+RDRI+RDRA - ( 1 ) 
Moreover, RCELL and RONS Relation is given by the degree type. 
[0005] RONS =RCELL/N - (2) 

However, N is the number of eels per unit area, distance L2 between the adjoining gate electrodes 3 
shown in drawing 10 the source field 4 and a well - p+ for giving the potential of a field 2 It is a tooth 
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space for taking contact of a field 6 and wiring. This L2 Depending on the process tolerance of the 
process which forms a component, if a manufacturing installation and a process are specified, it will be 
decided, and there is a limitation in reducing, drawing 1 1 - a well spacing L3 of a field 2 On 
resistance RONS per [ receiving ] unit area Relation is shown. L3 If it is made small, since the neck of 
the current path shown in drawing 10 becomes thin, RJFET increases and the increment in RCELL 
becomes large rather than the increment in N, it is RONS. It increases. Conversely, L3 If it enlarges, 
although the effectiveness of JFET becomes weak, area will increase superfluously, and it is RONS. It 
increases too. If a pressure-proof specification and the process tolerance of a process are decided as a 
result, it will be RONS like drawing 1 1 . L3 which takes the minimum value An optimum value exists. 
[0006] RONS shown in drawing 1 1 In order to reduce the minimum value further, the structure shown 
in drawing 12 is proposed by JP,63-254769,A. this structure — a well — the slot 7 was formed in the 
field across which it faced in the field 2, the high concentration impurity layer 8 was formed around 
**** and this slot 7, and resistance of this part is lowered, therefore, a well — even if a depletion layer 
spreads toward a drift region 1 from the boundary part of a field 2 and a drift region 1, the surrounding 
high concentration impurity layer 8 of a slot 7 cannot be depletion-ized, but can maintain the condition 
of low resistance, and can make RJFET very small. Therefore, RCELL=RS+RCH+RDRI+RDRA -- (3) 
thus, when the structure of drawing 12 can suppress increase of the on resistance by the JFET 
effectiveness and puts it in another way, it is the same — if it becomes RJFET — a well — spacing L3 of a 
field 2 short - it can carry out several eels ~ decreasing RCELL, without changing N - it is ~ the 
structure of drawing 9 - comparing -- more - RONS It can do low. 
[0007] 

[Problem(s) to be Solved by the Invention] However, the conventional technique shown in drawing 12 is 
RONS compared with the conventional technique shown in drawing 9 . Extent made into a means to 
decrease can expect effectiveness, however, the well which ultra-fine processing technology progresses 
in recent years, and is shown in drawing 10 about the vertical mold MOSFET of the low proof-pressure 
specification which is 10 volts of proof-pressure numbers — spacing L3 of a field 2 several micrometers 
- reducible - moreover, dimension LI of A in drawing 9 It came be made to 20 micrometers or less, 
consequently, with the conventional technique shown in drawing 12 a well - the reach through pressure- 
proofing between a field 2 and the high concentration impurity layer 8 a well — from the need of also 
setting up highly the reach through proof-pressure twist between a field 2 and the drain field 5 - reverse 
a well - spacing L3 of a field 2 Even if it must enlarge and area increases superfluously, and it makes 
RCELL small so that clearly from (2) types Since N becomes small more than it, it is RONS. There was 
a problem which increases on the contrary. Moreover, the conventional technique shown in drawing 12 
is only the effectiveness of decreasing RJFET, and is other RDRI(s). It is RONS in order not to 
decrease. There was little percentage reduction. That is, it is not necessarily RONS, without spoiling 
pressure-proofing of a component. It was not able to decrease. 

[0008] Then, the purpose of this invention is on resistance RONS per unit area, without spoiling 
pressure-proofing of a component. It is in offering the vertical mold insulated-gate field-effect transistor 
which can be reduced further. 
[0009] 

[Means for Solving the Problem] A field is formed, this invention — the surface section of a semi- 
conductor substrate — the source field of the 1st conductivity type, and the well of the 2nd conductivity 
type - In the vertical mold insulated-gate field-effect transistor by which the drift region of the 1st 
conductivity type of low high impurity concentration was formed between the field and said drain field 
as compared with the drain field or the source field while the drain field of the 1st conductivity type is 
formed in a semi-conductor substrate - said well — Estrange with a field and a slot is formed, an 
adjoining well -- the semi-conductor substrate between fields — both — a well — Let the vertical mold 
insulated-gate field-effect transistor which has arranged the electrode of the potential to which this 
Mizouchi is made to increase the majority carrier concentration of the front face which met the groove 
face of said drift region through the insulator layer be that summary. 
[0010] 
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[Function] Let Mizouchi's electrode be the potential to which the majority carrier concentration of the 
front face in alignment with the groove face of a drift region is made to increase as mentioned above. 
For example, when the 1st conductivity type is an n mold, it is set as high potential, and an electron 
carries out induction to the side attachment wall of the outside of a slot, and carrier concentration goes 
up. And in the ON state of a transistor, the current path of low resistance is made into the side- 
attachment-wall part of the outside of a slot, this current path - a well - it is not influenced by it even if 
a depletion layer spreads toward a drift region from the boundary parts of a field and a drift region. 
Consequently, the resistance RJFET of a field and resistance RDRI of a drift region on which the 
effectiveness of JFET acts It decreases. On the other hand, although reach through pressure-proofing 
needed to be taken into consideration by existence, of the high concentration impurity layer 8 with 
equipment conventionally which is shown in drawing 12 , it becomes unnecessary with this equipment. 
[0011] 

[Example] Hereafter, one example which materialized this invention is explained according to a 
drawing. The sectional view of the vertical mold MOSFET of this example is shown in drawing 1 . 
[0012] the surface section of the semi-conductor substrate 10 - p mold - a well - a field 1 1 forms - 
having - the p mold - a well - the part in a field 1 1 - n+ The mold source field 12 and p+ a mold - a 
well -- the contact field 13 is formed. Moreover, in the rear-face side within the semi-conductor 
substrate 10, it is n+. The mold drain field 14 is formed, furthermore, p mold - a well - a field 1 1 and 
n+ between the mold drain fields 14 - n+ The mold drain field 14 or n+ the mold source field 12 - 
comparing - n- of low high impurity concentration The mold drift region 1 5 is formed. 
[0013] p mold in the front face of the semi-conductor substrate 10 - a well - the field inserted into the 
field 1 1 - p mold - a well - it estranges with a field 1 1 and a slot 16 forms - having - this slot 16 - n- 
the mold drift region 15 - penetrating - n+ The front face of the mold drain field 14 is reached. The 
gate oxide 17 as an insulator layer is formed in the front face of the semi-conductor substrate 10, and the 
wall of a slot 16, and the gate electrode 18 prolonged in a slot 16 through this gate oxide 17 is arranged. 
[0014] Moreover, the rear-face electrode 19 is formed in the rear face of the semi-conductor substrate 
10. This transistor is manufactured as follows. That is, n+ It is n on a mold semi-conductor substrate 
(drain field 14). - A mold epitaxial layer is formed and the slot 16 which reaches the drain field 14 to the 
epitaxial layer is formed. And the gate electrode 18 is arranged through gate oxide 17. furthermore, this 
gate electrode 18 - a mask - carrying out - p mold - a well - a field 1 1 and n+ The mold source field 
12 is formed by double diffusion, a predetermined mask pattern after that - using - p+ a mold - a well 
- the contact field 13 is formed. On the other hand, it is n+. The rear-face electrode 19 is formed in the 
rear face of a mold semi-conductor substrate (drain field 14). 

[0015] and n+ The mold source field 12 and p+ a mold - a well - the source terminal S is connected to 
the contact field 13, gate terminal G is connected to the gate electrode 18, and the drain terminal D is 
further connected to the rear-face electrode 19. 

[0016] When a forward electrical potential difference is impressed to touch-down, the drain terminal D, 
and gate terminal G, as it is shown in drawing 2 , an electron carries out induction of ON state S, i.e., the 
source terminal, to the side attachment wall of the outside of a slot 16, carrier concentration goes up it, 
and such a vertical mold insulated-gate field-effect transistor is made by the current path of low 
resistance into this part. 

[0017] and this current path ~ p mold -- a well ~ a field 1 1 and n- n[ from a boundary part with the mold 
drift region 15 ]- It is not influenced by it even if a depletion layer spreads toward the mold drift region 
15. 

[0018] Resistance RJFET and n of the field where the effectiveness of JFET acts as a result - Resistance 
RDRI of the mold drift region 15 It can be made to decrease. If simulation count of the result is carried 
out, it will become like drawing 3 . The current path was checked by the side attachment wall of the 
outside of a slot 16 from this drawing. 

[0019] Moreover, it is [0020] when simulation count compared with on resistance RCELL between the 
source drains in the conventional eel shown in drawing 9 . 
[Equation 1] 
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RCELL («*) 



Rs+Rch 



Rs+Rch+Rjfet+Rdri 



= 0.89 (Rd»HR^T) 



[0021] The result to say was obtained. In this count, cell size LI =16micrometer, L3 =8micrometer, flute 
width =2micrometer, and a diffusion layer profile are the same at drawing 9 and drawing 1 . 
[0022] Moreover, the pressure-proofing between source drains by this example is decided by the high 
field strength part from which the potential contour line of a slot side attachment wall becomes dense, as 
B shows drawing 4 (breakdown is carried out here), that is, pressure-proofing — p mold - a well — it is 
that there is nothing unrelated to the distance of a field 1 1 and a slot 16. therefore, an adjoining well — 
spacing L3 with a field 1 1 It can do small to the width of face of a slot 16. 

[0023] Furthermore, as shown for making it the structure of high pressure-proofing at drawing 5 , the 
electrode 21 prolonged in the vertical direction arranged in a slot 16 and the gate electrode 22 prolonged 
in a longitudinal direction are used as another member, and the drain terminal D is connected with an 
electrode 21 through resistance 23. Thus, the potential difference between the drain terminal D and the 
Mizouchi electrode 21 is carried out into constant value, if it carries out like this drawing 5 , since the 
potential of the electrode 21 in a slot 16 will become higher than the gate electrode 18 in drawing 1 - 
pressure-proofing — the field strength of a slot side attachment wall not being decided - p mold ~ a 
well — a field 1 1 to n+ It is decided by the reach through pressure-proofing to the mold drain field 14, or 
pressure-proofing of the oxide film 17 in a slot 16. 

[0024] In addition, in this example, like UMOS, a channel is not formed in the side attachment wall of a 
slot 16, but a channel is formed in a wafer top face to the last. While there is no channel in the crystal 
defect part of the side attachment wall of a slot 16 and being able to control the leakage current in the pn 
junction section by carrying out like this, it can consider as the structure which is easy to carry out a 
proof-pressure design as shown in drawing 5 . 

[0025] Estrange in a field 1 1 and a slot 16 is formed, thus, p mold which adjoins in this example - a 
well — the semi-conductor substrate 10 between fields 1 1 — both ~ a well ~ Since the gate electrode 18 
of potential higher than a drift region 15 has been arranged through gate oxide 17 (insulator layer) in this 
slot 16 If a transistor is made into an ON state (it is a forward electrical potential difference to touch- 
down, the drain terminal D, and gate terminal G about the source terminal S), an electron will carry out 
induction to the side attachment wall of the outside of a slot 16, carrier concentration will go up, and the 
current path of low resistance will be made into this part, and this current path — a well — it is not 
influenced by it even if a depletion layer spreads toward a drift region 15 from the boundary parts of a 
field 1 1 and a drift region 15. Consequently, the resistance RJFET of a field and resistance RDRI of a 
drift region on which the effectiveness of JFET acts It decreases. It is on resistance RONS per unit area, 
without it becoming unnecessary and on the other hand, spoiling pressure-proofing of a component with 
this equipment, although reach through pressure-proofing needed to be taken into consideration by 
existence of the high concentration impurity layer 8 with equipment conventionally which is shown in 
drawing 12 . It can decrease further. 

[0026] in addition, this invention is not limited to the above-mentioned example, and is shown in 
drawing 6 as the way of a proof-pressure design ~ as - the depth of a slot 16 — a well ~ a field 1 1 - 
shallow - carrying out - a well - the pinch-off of the depletion layer extended from a field 1 1 to a drift 
region 15 is carried out under a slot 16, The potential distribution map at the time of breakdown in this 
case is shown in drawing 7 . that is, the well in the both sides of a slot 16 — it is made to be connected 
under the depletion-layer fang furrow 16 extended from a field 1 1 And the field strength in the groove 
bottom edge section (B in drawing 7 shows) is changed by adjusting a channel depth, and it opts for 
pressure-proofing here. In this case, it can improve before and after 50 volts from the proof pressure of 
30 volts (structure of drawing 1 ). 

[0027] Moreover, it is related with on resistance and is [0028]. 
[Equation 2] 
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= 0.90 (RmJ*Pllit) 



RCELL {m<0%*) Rs+RCH+R^T+RORI 

[0029] It becomes. Moreover, as shown in drawing 8 as other modes, it is high concentration n+ to the 
pars basilaris ossis occipitalis of a slot 16. The low resistance field 20 may be arranged. In this case, 
RDRI in the transistor shown in drawing 6 It can decrease. 

[0030] As mentioned above, although this invention was shown taking the case of the case where it is 
adopted as the n channel mold MOSFET, you may make it adopt it as the p channel mold MOSFET. In 
that case, it is made to carry out induction of the electron hole to the groove face of a drift region (p- 
mold), and the electrode of a slot is set as potential lower than a drift region. 
[0031] 

[Effect of the Invention] It is on resistance RONS per unit area, without spoiling pressure-proofing of a 
component according to this invention, as explained in full detail above. The outstanding effectiveness 
which can be reduced further is demonstrated. 



[Translation done.] 
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